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ABSTRACT

A recent study of command informaton flow associated with the Dominican
Repubiic coup of April-May 1965 introduced an analytical tool for identifying de-
ficiencies in the flow and use of information which appears to have considerable
potential as a general technique for information retrieval. Naval messages are
associated with each other through their formal references in a manner analogous
to the concept of “joining” as defined in & recent publication in directed graph
theory by Harary, Norman, and Cartwright (Structural Models). "Reference-
counectad seta”™ are then constructed from messagc traffic dealing with the coup
and are found to uhiquely idontify operational events during the crisis. Such
sete {and subsets if furthexr refinement is desired) can be obtained in real-time
aad a very simple methed is demonstrated which automatically classifies mes-
sages as they eater the systemn. This technique, ifappliedtoa library system,
gvoids both the problem of describing the subject covered in a document and the
problem of integrating new subject matter into a predetermined classification
code. I is a user-orientad system whichcombines static coupling methods used
in the Technical Information Project at MIT and converts them into a dynamic
urocess for both classification and retrieval. Thus, it concentrates on the evo-
Lition of the subject as represented by referenced documents upon which any
"new” information is based and it has the additional advantage of reflecting the
information flow among scicntists in any field.
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INTRODUCTION

Computer technology is purported to have caused an "information explosion”
which has resulted in the evolution of a new science. This new “information
system science," ! which is a yet undefined composite of many established
divisions of knowledge such as engineering, mathematics, logic, linguistics,
operations research, management science, library science, etc., hat as one of
its subdivisions the area of "information retrieval.” So while scientists in
the more established disciplines continue to search for solutions w the "infor-
mation retrieval problem” which will suit their own specific needs, basic re-

search is beginning to be conducted which is not directed toward any particular
user or gystem.

Military "command and control” is another specialty which poses its own
problems of information retrieval, not only for those involved in the design of
command support systems but for those who attempt to develop models to de-
termipe functional requirements for such systems., For the nast few years, the
Operations Evaluation Group of the Cenier for Naval Analyses has performed
several infcrmation flow analyses as 2 contribution to the latter objective which
have been aimed at finding out "who t:iks to whom, about what, and how effec-
tively” in a wide range of operational situations featuring the involvement of
naval forces and commands. In a current analysis of the Dominican Republic
crisis of April - May 1965, an analytical tvol was developed for describing in-
formation flow throughout the naval chain-of-command which also appears to
have considerable potential as a technique for information retrieval, not only
in operational controi centers, but for any system which has as one of its
functions the selection of information from a store. This technique is presented
here as a contribution to the general study and with the hope that its potential
utility will be evaluated by other scientists in other fields.

DISCUSSION

Message traffic among higher-echelon commands during the early part of
a crisis situadon is extremely difficult to classify. This is because such
communications do not generally fall into categories which deal with specific
predetermined military tasks, but are much less precisely defined, less routine,

and consist primarily of the exchanges of information along with recommendations,

advice, etc., which are necessary before any tactical systems can be put into
effect. By the same token, these communications are difficult to retrieve in
any formatted sense because the unexpected, evolving, and interdependent

natvre of the information places an even greater emphasis upon natural language
communication,

1 Footiotes are listed on page 1.
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In an attempt to avoid the inadequacies inherent in any classification system
while at the same time recognizing the fact that as the amunt of available in-
formation grew there was a parallel need for a more preci=c way to retrieve
specific data2, a technique was developed for associating messages with each
other which required no interpretation of the subject content of the messages.
This technique is based upon the thesis that if a message referenced a previous
message, the previous message must have influenced that message in some way.
For example, a message might say, "This is in answer to your question in
reference A,.."” Often a message refercnced a previcys message which r~ferenced
a yet earlier message. Still other connections of messages through their refer-
ences are possible, In figure 1, if each circled number represents a message
and if an arrow from, say @ to () means @) referenced (), then we can in-
terpret the figure as follows: message (2) references message Q@ , message @
reterences message @ but also references message (3) , and message () i
another message which references message . Thus we can speak of a

"reference-connected” set S={@D, @D, D, @, ®} cf messages - that is,
a set of messages which are connected in any way through their references.

O
& o

FIG. 1: A REFERENCE-CONNECTED SET OF MESSAGES

This concept of reference-connecting is analogous to the one of "joining”
as defined in a recent publication in directed graph theory by Harary, Norman,
and Cartwright (Structural Models) and more explicit (although not the most
fundamental) definitions can be given:

——— s i — S Sa———

Definition 1. A directed line from message () to message (2) means that
(@ referenced (D .

Definition 2, A path from message (D) to message exists if (2) can be

reached from T through a sequence of directed lines. ( (L)~ —=® -@D-=Q2)

This amounts basically to the tracing of references. ]

Definition 3. A semipath from message () to message @ exists if @
can bé joined to (@) through a sequence of lines in which the direction is 1gnored
(O—=QPe={DH+D) [Note that every path is a semipath but not every semi-
path is a path. ]

Definition 4. A reference-connected set of messages is a set of messages
which are joined through semipaths,

Definition 5. A subset S' of a reference-connected set S is a set whose
messages are messages in S.
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When messages dealing with the Dom{nican Republic crisis were put in
reference-connected sets, these sets in most cases uniquely identified par-
ticular events during the crisis, One set which was constructed from crigis-
related message traffic found in files at three command headquarters contained
105 distinct messages which dealt with the preparations for landing airborne
troops, Other sets of messages represented the communications related to
other events such as the provision of medical supplies, the preparation of
evacuation lists, the sending of surgical reams, and others. Ail of these events
were represented by unique message sets in the investigated files of crisis-
relaved traffic.

Reference-connected sets proved to be valuable tools in analyses of com-
mand information flow and for analyses of the operations they describe. De-
ficiencies in flows and use of information are much more easily identified when
focus is placed upon a specific event represented by communications throughout
an entire command structure. Such sets can also be displayed in a manner which
shows what information regarding an operational event was available to various
commands, and what lapses there were in the message distribution logic.

Figure 2 illustrates an actual reference-connected set which corresponds to the
event of sending food to the Dominican Republic:.4 Nineteen commands were in-
volved as originators or addressees in the 15 reference-connected messages
found at one command headquarters, although only six commands were directly
involved in the operation. These six commands are labeled A, B, C, D, E, and
F, and are iepresented oa a vertical axis. The messages are mmbered on’the
horizontsal axis and are placed on the axis (representing increasing time in the
positive direction) according to the time they were originated. Horizontal
arrows connecting messages indicate that Message @ was referenced by (=—)
Message @ . Vertical arrows between commands indicate that Command X
addressed (—e) Command Y for action, and a bar at Command Z (—) indicates
that Z was an information addressee on this message.

Figure 2 - A Narrative. The first message was sent from Command A to a
subordinate Command B for action and tc Commands C and D for information,
It requested information regarding the logistics of unloading food in the Domini-
can Republic. In the next message, Command B referenced message () and re-
quested advice from Administrative Commands D and E. This message was not
addressed to Command C who sent message @ to his superior Command B in
which he stated that he had no knowledge of the subject except as contained in
the reference, Command A, who was still waiting for informaton, repeated his
request to Command B in message (§) . The next two messages which were sent
to Command C bota directed that he “take reference for action ASAP Vas soon
as possible).” Command E referenced message (Q) (which was not originslly
sent o Command C) and Command B referenced the latest requesat from Com-
mand A, The answer from Command C was finally sert to Command B in
message @ . However, the additional necessary inforn.ation requested from
Command D in message (2) was not received and was finally obtained through a

W e b e i ‘);, W"w

cal

)

e M e




telephone conversation between Commards B ard D. Once all of the necessary
information was obtained by Command B, he telephoned the response to Com-
mand A and then sent an official confirmation of the call in message () . This
message wae sent nearly 19 bours after the previous message and 28 hours
after the initial request from Command A, The directive from Command A
followed (based upon the information received from Command B) and the re-

maining messages represent the fulfillment of this directive by subordinate
commands,

Figure 2 represents the set of messages for this event which were found at
headquarters of Commamnd B. Thus, it is noted that Command B is either an
originator or addressee of every message of the set except messages @ and

Qg . Message @ did not appear in the files of Command B (and i8 so indicated
by putting the message number in brackets) although Comimand B knew of its ex-
istence because it was referenced in a later message (number (3) which he
received. Message is another message which was not originally addressed
to Command B but which was later readdressed to Command B (represented by
dotted lines) by Command C.

Notes on figure 2, By scanning across any row in figure 2, it is possible to
see which of the elements of the information avallable to Command B was also
available to the Command represented by that row, as well as the manner in
which that Command fits into the general picture. Thus, we notice that Com-
mand D is the only one who processed every message found at source B, Note,
however, that Comimand D did not originate any of these messages. Note, also,
that Command F entered the picture only as his role became defined. Such
interdependence of various command headquarters becomes more evident
through a display such as that of figure 2, and the complexity of the communica-
tion structure is revealed.”

Figure 2 also demonstrates that a message is oftentimes completely meaning-
iess unless the messages which it references are located. This natural appli-
cation of reference~connected sets to information retrieval may be their greatest
potential. It is possible to automatcally file messages into appropriate message
se1s by noting only the references which are given. These sets will then repre-
sent events during a crisis amd will be available for answering queries regarding
the status of events during the crisis., Predetermined subject categories are not
required, nor are any restrictions placed upon the format of messages. Thus,
the method simply provides a way of quickly locating a message which may have
the information (as it is currently expressed in natural language by military
commanders) which is necessary to make a decision,

Automatic classification and retrieval. A very simple technique was used
in the Dominican Republic analysis for automatically classifying messages into
reference-connected sets. It consists of simply filing the events. If a message
references a previous message, it is put into the file of the previous message.
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So, for example, in figure 3, message @) would be filed with inessage () be-

cause it references message . Message (3 does not reference a previous

message axi would thus begin a new file pumber 2, However, message @

references messages in both files and therefore connects the two. Two sub-

sets are identified in this way. One subset contains messages (D, @ , and
@) (assigned the number I). The other subset contains messages @ , @,

and ® (assigned the number 2),6 Message @) is the link between them and,

in the language of directed graph theory, may be considered to be a linking point

between two maximal paths in the semipath from message (D to message .

Message number: (D) <« Q=

®
3 1,2 2
FIG. 3: AUTOMATIC CLASSIFICATION OF A REFERENCE-CONNECTED SET
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File number:

Subsets. The structure of 3 reference-connected set identifies subsets
(as in the preceding discussion) which can be interpreted in a number of ways.
First of all, it is noted that a subset will occur only if there is a message
within the set (such as Q) in figure 3) which does not reference a previous re-
ceived message but which is_eventually linked to the set. Such a message may
actually begin a "new" event’ which eventually becomes related in some way to
the earlier evenr initiated by message () . However, the structure of a refer-
ence-connected message set is also a function of another important factor -
the organizational chain-of-command and the distribution of information “..rough-
out this chain, For a message cannot reference a previous message unless its
originator is cognizant of the previous message. Consequently, the paths in
a reference-connected set of messages (and thus the corresponding subsets)
will often reflect the information flow between specific commands although the
event is essentially whe same.

For example, in figure 4, message (D) is a directive from Command A to
Command B which is amplified (and thus referenced) in message ) .

| !

A

|
A
2, v v | 11
2 T
O C
(D*@‘—?@
O—-0
FIGURE 4
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Message Q) is a message from Command B to Command C which is based

upon the directive in messages (D) and ) but which does not reference them,
However, somerime later, in message , Command B notifies Command A
that the directive has been carried out and references message (3) . Message ®
is the reply from Command C to Command B. In the example of figure 4, note
by scanning the rows that each of the three commanis has processed a different
set of messages. Command A has processed messages (D, s and @ and
is aware of message () because it is referenced in message , Command B
has processed all 5 messages, Command C has processed only messages

and (® . Note also that no subsets occurred in message sets for this "event”
at Commands A and C, and that the two subsets at Command B correspond to
the sets of messages found at Commands A and C.

It is interesting to note that if Command B had referenced the directive
when passing it on to Command C (see figure 5), there would have been no
subsets for Command B and Command C would have been aware of an additional
message.? Finally, if Command B addressed Commaid A without referencing
his communications with Command C (see figure 6), the set would have split
entirely for Command B,

R =

FIGURE 5

Qe——0
FIGURE 6

It is easily seen that this discussion becomes even more complex when
addidonal commands are included, when muldple addressees are allowed,
when the organizational chain is modified, and when the time factor (of which
the structure of a reference-connected set is a major function) is considered.
Nevertheless, the gbove discussion makes two points: 1) the subsets of a
reference-connected set often corresponded operationally to the sets of mes-
sages received at various nodes for the same event (a more thorough study
of such subsets may define “domains of information™ represented by message
traffic at various command headquarte- .10); 2) it is conceivable that rules
of referencing might be established which should guarantee that certain kinds
of sets and subsets wiii agpear (see appendix A). The possibilities of appli-
cation of the theory are enormous and :his paper will not attemp to considex
all of the ramifications.
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Gencral application, If the concept of reference-connecting is to be
applied tc a general intormation ciassification and retrieval system, such
as a library system, the structural properties become extremely critical.
This is because it is not expected that there would be well defined sets of
documents dealing with certain subjects as there are of messages dealing
with events during a crisis. In the former case, a "new" event or subevent
is begun when an initiating message is sent which does not reference =
previous message. But documents do not generally behave in this way and,
in fact, tend to reference more excessively. However, it is just this con-
centration upon the evolution of a subject, rather than upon a description of
the subject, that is so appealing.}!  Numerous researchers in the field of
information retrieval and documentation have been atterm.pting to automatically
index, classify, and abstract documents, and a large number of devices have
been developed which mechanically or electronically select information from
a store. But these devices have been, on the whole, unsuccessful, since the
problem of describing the subject covered in a document is even more elusive
to machines than it is o humans, Even if a satisfactory classification scheme
could be found, there is still the problem of integrating new subject matter into
a predetermined code. The reference-connecting technique avoids both of
these problems by tracing the evolution of the subject as represented by
referenced documents upon which any "new" information is based, It is thus
a dynamic, user-oriented system which would have the additional advantage
of reflecting the information flow among scientists in any field. 12

The concept of a dynamic, user-oriented information system is not new,
nor is the idea of relating documents through their citations. In 1945,
Dr. Vannevar Bush suggested that an individual’s personal informadon swrage
and selection system could be based on direct connections between documents
instead of the usual connections between index terms and documents, These
direct connections were to be stored in the form of trails through the literamire.
Then at any futurs time the individual himself or one of his friends could re-
trieve this trail from document to document without the necessity of describing
each docurnent with a uet of descriptors or tracing it down through a classifi-~
cation tree (reference (d)). In 1956, Dr. R. M. Fano suggested that a similar
approach might prove useful to a general library and proposed that documents
he grouped on the basis of use rather than content (reference (e)). Dr. M.M. Kessler
suggested a criterion for such grouping of technical and scientific papers
through "bibliographic coupling™(see reference (c} and footnote 3). A recent
research endeavor into search procedures based upon this measure of re-
latzdness between documents used a partitioning model in which sets of highly
inter -related documents were found with ahout 64 - 90 percent retrieval
efficiency. 13 The paper states in its concluding section that the model of
"trails of documents™ as suggested by Dr. Bush has useful features which the
partitioning model does not offer. The author says, "Actually, both models
have useful features. In some cases there is a definite pattern or trail which
should be followed in consulting the documents related to a given subject, In




other cases the order in which the doc'iments should be examined is apparent
from their publication data. In still other cases, there is no particular order
in which the documents need be consulted. Thus, it would seem that one might
want to include both the ideas of sets of documents and trails of documents in
a more general information retrieval model (reference (f))."

The tools of directed graph theory applied to the concept of a reference-
connected set offers a tempting approach to the information retwrieval problem.
It still remains to be tested and evaluated for general information systems.
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FOOTNOTES

Ruth M. Davis, in a paper presented to the Second Congress of the Infor-
mation System Scienceg {reference (a)) questons whether there is indeed
such a science. She notes "... in the volume resulting from the First
Congress of Information System Sciences only fourteen technical-type
references were cited and three of the nine papers in the volume contained
no such references. Scientific doctrire is not built in this manner, As
these scientifically accepted procedures becomne common it will be possible
to decide whether information system science will really take its place as
a recognized science following respected traditions or whether the intro-
duction of 'information systems"' as a formal entity into organizational
structures is just a new scientific achievement or a new technological
advance.”

Note that the two concepts - classification and retrieval - are closely inter-
connected here and elsewhere in this paper. JulianBigelow states in
reference (a) that " inability to carry out the indeterminant activity of ab-
stracting meaning from common language is --- an almost crippling cir-
cumstance. As a resuit, it is not only impossible in general to compare
that which may be expressed in search questions to that which may reside
in stored material within high speed computational hardware so as to de-
rive a measure of 'nearness’' and to issue brief answers at a bit rate ac-
ceptable to humans at the terminae, but as a corollary it is impossible also
to 'process’ automatically so as to reduce the bulk of stored material in any
other way that universally preserves textual meaning relevant to arbitrary

RER T WY g

enquiries, down to a level compatible with rates of human sensory acceptance."

He goes on to say that the design of retrieval systems has veered in the
direction of attempted compromisge in which an intermediate representation
(usually "keywords") has been substituted for the document itself.

Figure 1 demonstrates the three basic types of reference-connetivity,
all of which have been recognized and used by scientists in the Technical
Information Project at MIT. (See reference (b) for a description of the
project.) M,M. Kessler, in a pioneering article (reference (c)), which
was unknown to this author during the development of this technique),
suggested a relationship between scientific papers wherein two papers

which cited one or more of the same papers were said to be bibligggg%!icaly

coupled. Studies have been conducted to analyze the characteristics o
such bibliographic coupling and have indicated that it constitutes a very
*meaningful and important type of relationship between papers.” Thus,

in figure 1, messages @ and (§) are bibliographically coupled, Another
type of coupling occurs if two papers are cited by one or more of the same
papers, (e.g.,  and (D ) and finally, there is the gimple citation re-
lationship between D and @, @ and @, @ and @, and Dand © .
The MIT Project, however, uses these three basic types of reference

T Tt 1.l
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connectivity as separate partitioning criteria for a retrieval system and
does not combine them into a single dynamic system for both classifi-
cation and retrieval as this author proposes to do.

This event is chosen to avoid problems of military security. All messages
represented in figure 2 are inclassified. As a further precaution, the
commands involved will remain anonymous.

Figure 2 suggests that if Command B had requested information from
Command C in message (@) rather than from Command E (who did not

have the information, although he may have been the likely person tc

have it), or if Command B had included Command C as an addressee in
message (J) , then messages ) . & and @ might have been eliminated.
The long 28-hour delay from Command A’s initial request for information
to the response from Command B was also caused by the fact that Com-
mand B depended upon an answer from Command D which never came and
which was finally obtained through a telephone call. (It is interesting to
note that direct communication between Commands B and D was established
just prior to the call.) Command D, on the other hand, was closer to the
scene and t:2 mere pressure of events may have contributed to his omission,

A unique identifier can be assigned to each message, if desired, which will
indicate its location in the subset. For example, message (I) might be as-
signed the number 1.0, message (2) , the number 1.1, etc. Key messages
can aiso be found by noting those messages which are referenced most
frequently.

The definition of an "event” is not given and must be considered to be
intuitive in the case of military operations during the Dominican Republic
crisis - e.g., sending food, landing troops, providing medical supplies,
evacuating personnel, etc.

This is again a question of definition. Communications between specific
commands in partial fulfillment oi 2 more general directive might also

be considered to be a subevent or even a separate event. This becomes

a more philosophical problem which will not be deglt with here and which
is avoided in the more geneial discussion below by emphasizing paths from
document to document rather than the partitions bitween them,

This was the case in the secom! message of the event illustrated in figure 2.
Command B referenced the first message from Command A in passing the
request for information to Commands D and E. However, in this case,
Command A was also addressed in this message.

The notion can be pursued further: how much overlapping of information
exists at the various headquarters and might this not give a certain measure
of the centralization/decentralization of the communication structure?

-12-
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Ruth M, Davis hints that citation characteristics are an indication of how
scientific doctripe is "built." See footnote 1.

The discussion of the command organizational effect upon reference-
connected sets is rot entirely inapplicable to the general study. It is
still true that a document cannot reference a previous document unless
its author i8 cognizant of the previous document and thus the paths of a
reference-connected set will tend to reflect the information flow between
certain authors, certain organizations, certain libraries, etc.

The most widely accepted method of evaluating the performance of in-

formation retrieval systems is currently through the recall and relevance

ratios. The recall ratio is the percentage of relevant items that are

actually retrieved and the relevance ratio is the percentage of retrieved

items that are relevant. In determining what is or is not relevant, recourse

is ususlly made to an indexer or a user. Recent studies have shown that

these people are able to agree among themgelves as to how documents

should be classified in at most 80 percent of the cases. This "failure” of

humans to index consistently has led some to try to find better automatic
“non-judgemental”™ standards on which to validate relevance. (Quoted

from reference (f).) In the case of message traffic during the Dominican

Republic crisis, reference-connected sets included over 90 percent of the
messages which pertained to an event, The relevance rado was simply :
avoided by defining an event appropriately. Sometimes what intuitively ;
appeared ‘o be two or more events became connected, but they were later :
found to he related and could still be identified through subsets of the
reference-connected set.

-15-
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APPENDIX A
A COMMUNICATION MODEL FOR MILITARY COMMAND STRUCTURES

Consider a command structure in which there are three commands A, B,
and C representing three hierarchicel echelons. (Command A 15 superior to
Command B who is superior 10 Command C.) There are four possible ways
in which Command A can dircct an action to be performed by Command C
through Command B, These fuur ways are illustrated in figures A-1 through A-4.

Bll Bl l 51 l Bll

C c - C c -
® @ o Q ® o (UM

FIGURE A-1 FIGURE A-2 FIGURE A-3 FIGURE A-4
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The commands are represented on a vertical axis, and the messages (assumed
to be TTY communications although the discussion holds for any flow of infor-
mation; are numbered on a horizontal axis. A vertical arrow from, say,
Command A to Command B incicates that A addressed ( ) B for action,

A bar (=) at Command C indicates that C was an information addressee on

the message.

In the first case (figure A-1), Command A sends a directive tv Command B !
in message () . Command B receives the directive, interprets it in light '
of his responsibilities, makes a decision, and sends a corresponding (usually
more specific) directive to Command C in message @ . In the second case
(figure A-2), Command A also addresses Command C for information in
message (1) so that Command C will have previous knowledge of the subject
before receiving the direcdve from Cummand B. (The case in which Command
A addresses Command C for action is not considered, for this would reduce
the structure to a simple superior/subordinate relationship between Commands
A and C which would require no decision from the intermediate Command B,

This sometimes happened during the DomRep crisis in which either the time
constraint or political considerations appeared to necessitate such direct
communication. Another case arises if the nature of the directive to Command
B is such that he can simply readdress or relay the message to Command C.
However, in this discussion it is assumed that a strict functional chain-of-
command exists in which each member has his own theater of responsibility
and makes decisions as partial fulfillment of a general directive,)
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In the first two cases, Command A (s unaware of the directive which is given
in message (2) o Command C. Thus, two other cases arise if Command A is an
information sddressee in message @) . These last two cases (shown in figures A-3
al A-4) have the advantage of requiring no additional message from Command B
o Command A which relates that the directive has been carried out,

All of the gbove cases were evidenced in traffic during the DomRep crisis.
As suggested, there are advantages and disadvantages of each, depending upon
the criteria used. If reduced message volume is the only gual, the structure
of figure A-1 is preferable. (By scanning the three rows representing traffic
originated and received by each of the three commands, we see that in figure A-1
Commands A and C process one message each and Command B processes two messages.
In figure A-2, Command C processes an additional message, etc.) However, it was
already noted that the structure of figure A~ requires an additional message if
Command A is to be kept informed of the directive to Command C. This suggests
that structure 3 is preferable, for it informs A while not burdening C (who is
a lower echelon command and is often less equipped for high message volumes)
with an additional message. On the other hand, structure 3 has the possible
disadvantage of not notifying “ommand C in advance. Another consideration is
the fact that in this satructure Command C does not know the basis for the di-
rective from Command B. Also, it may happen that in future communications
for this directive, the original message from A is referenced in a message
addressea to C. It is in this cass that rules of referencing may be particularly
helpful. If message () referencec message ), Command C would have a .
record of the message without acinaily receiving it. Furthermore, if message )
traffic were being automatically filed into reference-connected sets at Command C |
headquarters, any future messages which reference the original directive from |
A will then connect to the set. Observe also that Command B must reference
message (D in his directive to Command C if he wants to automatically con-
struct a reference-connected message set dealing with this event which will :
contain communications with both superior and subordinate commands. (During
DemRep some commanders did and some didn't reference in this way.) If
Cummand B chooses to separate his communications with higher and lower com-
mands and not reference message (1) in message () , then these two messages will
also appear in separate sets for Command A and/or Command C (except in figure A-1,
where the communications are the most decentralized in the sense that only the
intermediate command processes both messages).

Automatic distribution

There are many other considerations and the logic of distvibution becomes
even more complex when additional commaids and levels are added. Neverthe-
less, the contribution of reference-connected sets to the establishment of a
communication scheme as well as to the possible automation and interface of
information flow is evident. There are other possibilities as well. For example,
reference-connected sets may provide a solution to the problem of distribution
logic. It is conceivable that the distribution of a message covld be automatically

A-2
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determined if reference~connected sets represent events and if previous
communications dealing with an event suggest the commands which should be
informed. For example. in figure A-3, if Command C is required to send a
further directive to another Command D, he will know from message (0

that Command A should also be informed. Figure A-S {llustrates such an ex~

tension of figure A-3. Horizontal arrows between messages indicate that
message (X) is referenced by («#—) message (3) .

N
4
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FIGURE A-5

.

Advantages

In figure A-5, the directives down are “decentralized” in that each command
has the responsibility of directing his chosen subordinate. But the report of
the final results to higher commands (who have monitored the progress as
information addressees) can be "centralized” if the situation requires. All
addressees except the new action addressees are automatically determined by
the previous message. The volume of traffic processed at each command head-
quarters decreases as the command level decreases. However. each command
has a record (through the formal references) of all previous communications
dealing with this event. I fact. all of the messages automatically form a
reference-connected set at each command node. This is because a message
references not only the previous message, but also the references which that
message contains. Thus. even the references are determined automatically.
There are no interface problems and the scheme can be easily adapted to
other command structures.

Naturally. there will be "non-decision” messages exchanged between
commands which are amplifications, clarifications. recommendations. requests
for information. advice. etc. Such communications would not follow the
scheme of figure A-5 but would rather address unly the commands involved and
would reference the messages to which they are most directly related. (See
figure A=6.)
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FIGURE A-6

CONCLUSIONS AND RECOMMENDATIONS

The structure of a reference-connected message set is a function of the
organizational chain-of -command and reflects the distribution of information
throughout this chain. Consequently, reference-connected sets are useful
in developing models of command information flow. Furthermore, a simple
rule of referencing can be established which should guarantee that all messages
will fall into appropriate sets at each command node. Such a rule can also
aid in automatic determinatior of messages addressees and can contribute to
the establishment of a communication scheme which is more amenable to
automation.

The propcsed communication model is theoretical and must be adapted

to various command structures in operational situations. It is recommended
that its potential be examined through an operational trial.

A-4
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1 ABSYRACT

A recent study of command information fiow associated with the Dominican Republic
coup of April-May 1965 introduced an analytical tool for identifying deficiencies in the flow
and use of information which appears to have considerable potential as a general technique
for iaMformation retrieval, Naval messages are associated with each other through their
formal references in a manner analogous to the concept of "joining™ as defined in a recent
publication in directed graph theo1ry by Har..ry, Norman, and Cartwright (Structural Models).
"Reference -connected sets" are then constructed from message traffic dealing with the coup
and are found to uniquely identify operational evenrs during thz crisis, Such sets (and sub-
sets if further refinement is desired) can be obtained in real time and a very simple method
is demonstrated which automatically classifies messages as they enter the system, This
technique, if applied to a library system, avoids both the problem of describing the subject
covered in a document and the problem of integrating new subject matter into a predetermined
classification code. It is a user-oriented system which combines static couplirg meticds
used in the Technical [nformation Project at MIT and converts them into a dyramic process
for both classification and retrieval, Thus, it concentrates on the evolution of the subject
as represented by referenced documents upon which any "new” information is based and it
has the additional advantage of reflecting the information flow among scientists in any field,
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